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2017 RCEU Summer Project Proposal
Project title: Impact of urban geometry on outdoor thermal comfort
Faculty mentor: Leiqiu Hu, Ph.D.;
Assistant Professor, Earth System Science Center, Department of Atmospheric Science
NSSTC/CRH Room 3046; 320 Sparkman Drive, Huntsville, AL 35805.
Email: leiqiu.hu@uah.edu Voice: 256-961-7868, webpage: link
Project Summary:
Extreme heat is a leading cause of weather-related human mortality in many countries worldwide.
Urban heat island effects usually intensify urban hot conditions, leading to very uncomfortable
living environments during summers. The outdoor thermal environment in cities can be
influenced by multiple complex elements, such as weather conditions, anthropogenic heat
emissions, types and distributions of vegetation, human-made surface materials, building
orientation and arrangement. The outdoor comfort level, unlike indoor environments, is difficult
to control. This project is one important part of on-going study about linking the satellite thermal
observations to local thermal comfort conditions in order to provide critical information about
heat mitigation at the neighborhood scale.
The project will quantify the impact of urban geometry on outdoor thermal comfort. 3D
buildings and tree canopies create shade that block incident solar radiation and the shading effect
can help to mitigate the heat conditions and improve the outdoor comfort. This project will use
Huntsville/Madison as an example to understand the outdoor thermal comfort variation in
different urban land use types, e.g. commercial, high-density and low-density residential areas.
The prospective student will analyze high-resolution satellite images to extract urban surface
characteristics, such as building footprints and surface vegetation distributions, and also collect
ground-based observations to estimate the microclimatic outdoor thermal comfort indices. By
exploring the relationship with urban surface features (particularly urban building/vegetation
geometry) with thermal comfort conditions under different weather conditions at different times
throughout the day, we hope to improve our understanding of local summer thermal comfort
levels and to provide useful information for local communities to mitigate extreme heat impact in
the future.

Fig. 1 The left image is an example of a fisheye photograph taken in the urban canyon for
estimating the sky view factor, which is one important parameter to capture urban geometry
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features. The right image is an example of a high-resolution satellite image, which will be used
in the project to identify building footprint and arrangement manually and automatically.
Student Prerequisites:
Students who are interested in this topic and have basic knowledge of math and physics are
encouraged to apply.
Student Duties:
The summer project consists of three specific research activities during the 12-week summer
term, which will combine the basic training of literature review, information collection from
field measurements and satellite images, and data processing.
Task 1: The student will be expected to read relevant literature about human thermal comfort
and urban living environments, involve experiment design, and acquire some basic knowledge of
digital image processing, such as image classification, and digitalization in Geographic
Information System (GIS).
Task 2: The student will work with Dr. Hu to conduct field measurements. S/he will become
familiar with using a handheld GPS unit, taking images with a fisheye lens for sky view factor
estimation, and collecting and organizing data from a thermometer, hygrometer, globe
thermometer, etc.
Task 3: The student will work with Dr. Hu to process the information collected from the field;
estimating the sky view factor from circular images covering a 180-degree field of view and
calculating thermal comfort indices. S/he will also have the opportunity to learn how to use R (or
MATLAB) to process images, perform basic data analysis, and illustrate the results (which is not
required and depends on personal interest).
Mentor Supervision and Interaction:
Dr. Hu will supervise the student on this project and will have weekly or biweekly meetings with
the student (depending on the stage of the project) to discuss the project progress and help solve
specific problems. Through the summer project, the student will gain basic scientific research
experience in collecting, processing and analyzing data. Dr. Hu will provide guidance on
scientific writing, critical thinking, and other assistance that is pertinent to his/her career
development. The student will have opportunities to present the results in a group meeting and
scientific conference. A final report to summarize research activities and related research results
is required at the end of the term.

